In the present study, the two lakes, Vengaiah lake (Lake A-Sewage polluted receiving discharge from storm water drain) and Yellamallappa Chetty lake (Lake B-Industrially polluted) situated near Krishnarajpuram-Hoskote taluk, Bangalore, Karnataka were selected for analysis of trace metals viz., arsenic, aluminium, cadmium, lead, mercury, iron, copper and zinc in water samples. Muscle and gill tissues of freshwater fish Labeo rohita reared in these water bodies were analysed for bioaccumulation of trace metals. Hebbal fish farm was considered as a reference site (Control site) for water and fish samples. Trace metals were analysed by atomic absorption spectroscopy and values were compared with those recommended by FAO/WHO in water and fish samples. Trace metals such as Al, As and Hg were detected in the water sampled from lake B which is attributed to the differences in the sources of pollutants. Fish tissues viz., muscle and gills sampled from Lake B exhibited high concentration of Al, Pb and Cd content showing a positive correlation with their concentration in water samples. The remaining metals as Cu, Zn and Fe were detected in water sampled from all water bodies and also in the fish tissues. Gills exhibited higher concentration of metals in fish from lake B. Bioaccumulation of these trace metals in fish tissues may cause potential danger to human health when consumed on regular basis. Thus necessary remedial measures are required to combat water contamination and its management keeping in view the aquatic ecosystem and public health. Values were statistically significant at P < 0.0001.
Introduction
Heavy metals are natural trace components of the aquatic environment, causing threat to the health of Indian ecosystem. High concentration of these metals is released into the aquatic environment as a result of leaching from bed rocks, atmospheric decomposition, water drainage, run off from river banks and discharge of urban and industrial waste waters [1] . They are among the most persistent pollutants in aquatic ecosystem because of their resistance to decomposition in natural conditions [2] and have the ability to bioaccumulate [3] ; thus having public interest [4] .
In recent years fish consumption has increased many folds due to its nutritional and therapeutic benefits. Fish are at the top level of aquatic food chain and are good indicators of heavy metal contamination because they accumulate metals in their tissues [5] through absorption, depending on ecological requirements, metabolisms, and other factors, such as salinity, pollution level, food, etc. Heavy metal concentration in fish tissues reflects past or present exposure [6] [7] , and intake occurs mainly through the gills, skin, or by food [8] . Since metal is known to affect the central metabolic pathways it may have a major detrimental impact on both human and animal life [9] , thus there is a growing concern that metals accumulated in fish tissues may represent a health risk, especially for fish consuming population [10] [11] .
According to Storelli [12] metals like arsenic, cadmium, mercury and lead are toxic to biota, even in low concentrations, but other metals like Cu, Fe and Zn are required for physiological activities in biological species but when taken excessively they can also produce toxic effects [13] [14] . Nord et al. [15] reported that the consumption of contaminated fish caused acute and chronic effects to humans. Monitoring heavy metal contamination in river systems by using fish tissues helps to assess the quality of aquatic ecosystems [16] . Heavy metals enter fish through five main routes (food or non-food particles, gills, water, and skin), follow into the blood, and are carried to either a storage point or to the liver for its transformation or storage [17] .
Fish kill had been reported in number of lakes in Bangalore city during the past few years due to sudden discharge of effluents from various point and non-point sources into these lakes. There is a lacunae on the assessment of bioaccumulation potential of persistent organic pollutants and trace metals in the tissues of non-target animal, the fish reared in the directly affected water body. The present study was conducted to determine levels of heavy metals accumulated in water and muscle and gill tissue of L. rohita reared in lakes of Bangalore polluted by various sources; which were compared against the recommended BIS and PTWI by FAO/WHO to assess the quality of fish for human consumption. Muscle being an important tissue of nutritive value and gillwhich is a vital respiratory organ with their extensive surface area is directly in contact with water and xenobiotics present in water [18] and were taken as target tissues. A hypothesis that the fishes are prone to accumulate metal since they are present in the upper foodweb position and could be used as environmental indicators of large-scale aquatic ecosystem's quality was tested and thereby to evaluate the current environmental status of lake A and B.
Materials and Methods

Study Area
Bangalore also called as Bengaluru is the capital of Karnataka state in South India (Figure 1(a) ). It is located at 12.97˚N 77.56˚E and covers an area of 741 km 2 . The two lakes, Vengaiah lake (Lake A-Area 65 acres; depth 8 -10 feet) and Yellamallappa Chetty lake (Lake B-Area 110 ha; depth 10 -12 feet) situated near Krishnarajpuram-Hoskote taluk, Bangalore District, Karnataka were selected for the study (Figure 1(b) ). Lake A received domestic sewage from an adjacent storm-water drain and Lake B those of effluents from pharma-industry and other sources. Hebbal fish farm, a reference site was taken as control which was maintained by the fisheries department.
Sampling of Water
Water samples were collected in the morning (8.00 to 9.00 am) in acid washed and dried water sampling glass bottles from control site, lake A and lake B for a period of one year (2013) (2014) . Trace metal such as As, Cu, Zn, Al, Cd, Fe, Pb and Hg was analysed by Atomic Absorption Spectrometeric method [19] . Water samples were filtered using Whatman No. 41 (0.45 mm pore size) filter paper for estimation of dissolved metal content. This filtrate of the collected water samples (500 ml each) were preserved with 2 ml nitric acid to prevent the precipitation of metals. All the samples were concentrated to tenfold on a water bath and subjected to nitric acid digestion. Trace metal analyses were carried out using flame atomic absorption spectrophotometer (Model: Perkin Elmer 3100). The calibration curves were prepared separately for all the metals by running different concentrations of standard solutions. The instrument was set to zero by running the respective reagent blanks. Average values of six replicates were taken for each determination [19] . The concentrations of heavy metals were expressed as mg/l for water samples.
Sampling of Fish Tissues
Fish were anaesthetized using MS222 (Ethyl m-amino-benzoate methane sulphate) and dissected at the site itself. After dissecting, the tissues were excised, washed and preserved in 10% formalin for detection of accumulated trace metal by following the standard method [19] . The tissues were removed from formalin and dried in an oven at 80˚C for two days. The dried tissues were grounded using a porcelain mortar and pestle. 0.1 g dry weight of the tissues were digested by adding 3 ml of nitric acid (65%) and 1 ml hydrogen peroxide (35%) using closed vessel microwave digestion in an oven (Hydrogen peroxide was added to the nitric acid as it reduces nitrous vapors and accelerates the digestion of organic matter by raising the temperature). The digested samples were transferred to clean volumetric flasks, diluted to 50 ml with deionized water and filtered using Whatman filter paper (0.45 μm). Concentrations of different metals were determined by using atomic absorption spectrophotometer Model: Perkin Elmer 3100. Sample blanks were prepared in the similar way as the test samples for background correction. Standard solutions were prepared from stock solutions as per the requirement of metal extraction. The concentrations of heavy metals were expressed as µg/g dry weight of tissues.
Statistical Analysis
Statistical analysis was carried by using MS Excel and statistical software-Graphpad prism to evaluate the metal content with respect to three water bodies and tissues of fish. Mean of the water and tissue sample size (n = 6) and standard deviation (mean ± SD) was conducted to quantify their variability which was followed by one way ANOVA to compare significant mean differences of the above mentioned groups. This was followed by Tukey's post-hoc test to compare pair of groups mean of each metal in water and with its bioaccumulation in fish tissue of control group, lake A and lake B. p value at a significant level of p < 0.05 or less indicated significant relationship within variables. Pearson's correlation coefficient between metal concentration in lake water (A & B) and muscle and gill tissue of fish were also studied.
Result
Analyses of trace metals content in the three water bodies-Hebbal Fishfarm (control), Vengaiah Lake (A) and Yellamallappa Chetty Lake (B) during the period of study are shown in Table 1 .
Trace Metal Content in Water Samples
Water samples from control site was analysed for the presence of trace metals. The results showed the presence of Cu, Zn and Fe within BIS limits whereas, As, Al, Cd, Pb and Hg were not detected. The concentration of trace metals such as Cu, Zn and Fe showed higher levels (0.25 ± 0.01, 3.12 ± 0.01 and 3.02 ± 0.006 respectively) in lake B when compared to those of lake A (0.03, 1.67 ± 0.01 and 0.11 ± 0.008 respectively) and control. Fe content was recorded above BIS limits in lake B. Hg was observed below detectable limits in water sampled from lake A but showed its presence of 0.023mg/l in lake B which was above BIS limit (0.001 mg/l). Trace metals viz., As, Al, Cd and Pb were recorded below detectable level in water sampled from control site but they were within BIS limits in lake A (As-0.001; Cd-0.04 ± 0.01; Pb-0.04 ± 0.008) with the exception of Al (0.067 ± 0.001) which was above BIS limits. The concentration of these groups of trace metal was recorded higher in water sampled from Lake B when compared to those of lake A. The concentration of Al, Cd and Pb (3.7 ± 0.089, 0.124 and 0.23 respectively) were above BIS limits in lake B.
Bioaccumulation of Trace Metals in Tissues
The presence of these metals in water beyond BIS limits as in the present work might affect the general metabolism and enzyme activity in fish as was recorded by various scientists. Therefore, in the present investigation, analyses of heavy metals were conducted in muscle and gill tissues sampled from control site, lake A and lake B ( Table 2) . As, Hg, Al, Cd, and Pb levels were recorded below detectable limit in both muscle and gill tissues in fish sampled from control site, lake A and B but with exception of Al, Cd and Pb which were detected in lake B only but As and Hg were recorded below detectable limit in both fish tissues from lake B. Significantly higher accumulation of Cu, Zn, Fe, Al, Cd, and Pb was observed in muscle and gill tissues sampled from lake B. Al, Cd and Pb showed accumulation of 2.18 ± 0.14; 0.41 ± 0.50; 0.15 ± 0.04 (in muscle) and 3.81 ± 0.17; 0.24 ± 0.02; 0.26 ± 0.02 (in gill) tissue in fish from lake B which were undetectable in tissues from control site and lake A. Cu, Zn and Fe showed highest accumulation in both muscle (2.89 ± 0.12; 13.65 ± 0.30; 73.01 ± 0.52) and gill (5.02 ± 0.18; 43.71 ± 0.42; 93.71 ± 0.63) tissue from lake B when compared to lake A and control site. Such accumulation of trace metals-Cu, Zn and Fe in muscle (1.40 ± 0.29, 6.32 ± 0.39 and 28.91 ± 0.40) and gill (3.62 ± 0.16, 19.78 ± 0.32 and 66.02 ± 0.82) tissues sampled from lake A were significantly higher when compared to those of control site. Table 1 . Trace metals in water sampled from Hebbal fishfarm (Control site), Vengaiah Lake (Lake A) and Yellamallappa Chetty Lake (Lake B). 
Discussion
Trace metals including both essential and non-essential elements have a particular significance in eco-toxicology, since they are highly persistent having potential to be toxic to living organisms [20] [21]. García-Medina et al. [22] have reported that dissolved aluminium in water induced genotoxic and cytotoxic effects on the lymphocytes of carp (Cyprinus carpio). The present results on Al content detected in lake B and in fish muscle and gill tissue are in conformity with those of Jabeen et al. [23] suggesting significantly high fluctuations in aluminium content in tissues of Catla catla, Labeo rohita and Cirrhina mrigala collected from river Ravi, Pakistan with respect to pollution level. Alwan [24] reported that the stimulation of erythropoiesis or the disturbances that occurred in both metabolic and hemopoietic activities of fish exposed to sub lethal concentrations of aluminium are defense reaction against toxicity of aluminium. Presence of cadmium in water and its significant levels in fish tissues (muscle & gills) from lake B may cause disturbances in respiration as was also observed in tuna exposed for a short term period to cadmium by Witeska et al. [25] . This trace metal affects the physiology of fish due to its chronic exposure to waterborne sub-lethal levels cadmium as suggested by Ricard et al. [26] in the rainbow trout and by Abedi et al. [27] in common carp. Acute toxicity studies of cadmium on the edible carp, Catla catla conducted by Sobha et al. [28] revealed significant changes in the biochemical constituents of the fish like glucose, glycogen, total proteins, lipids and free amino acids. Reports by Abdel-Moneim et al. [29] on gills and liver of Oreochromis niloticus from polluted wetland environments, Saudi Arabia showed that bioaccumulation of Cd were mostly above the WHO reference values. These results are in agreement with the present study.
In the present study bioaccumulation of lead was detected in muscle and gill tissue of fish sampled from lake B since lead was recorded in significantly high concentration in lake B. Pb, and Cd are not nutrients at trace levels and are non-essential, so they are recognized as important industrial hazards, causing severe toxic effects in higher animals upon acute or chronic exposure. Stomiñska and Jezierska [30] studied Common carp larvae under laboratory conditions, in water containing lead or copper. Exposure to heavy metals resulted in slowed down development and growth rate, and reduced survival. Exposure to lead caused scoliosis. The WHO provisional guideline of 0.2 mg/L, 0.003 mg/L & 0.01 mg/L for aluminium, cadmium & lead respectively has been adopted as the standard for drinking water [31] .
Copper, Zinc and Iron was detected in the water sampled from control site as well as lake A & B but was well within the BIS desired range. Even though these metals are essential element in low concentrations but when discharged into the freshwater environments in higher concentrations, copper is reported to cause severe effects on the freshwater fauna, especially fishes [32] and zinc caused oxidative stress in estuarine teleostean, Fundulus heteroclitus [33] . The high level of Fe in the fish species could be attributed to its bioavailability in the environment and its essential role in haemoglobin [34] . In present study bioaccumulation of all the three metals was observed more in muscle and gill tissues of L. rohita from lake B but was very less when compared to the dietary intake limits. Similar observations of bioaccumulation of metals were reported by Jabeen et al. [23] in gills, liver, kidney, muscle, fins and other tissues from fish, C. catla, L. rohita and Cirrhina mrigala collected from three sampling stations of river Ravi, Pakistan and by Samir and Ibrahim [35] in Oreochromis niloticus sampled from the northern delta lakes in Egypt. Subathra and Karuppasamy [36] observed maximum level of Cu in liver compared to other organs like kidney, muscle and gill in Mystus vittatus when subjected to sublethal concentration of this heavy metal. There is evidence that exposure of salmon to sublethal copper levels causes toxicity and results in the impairing osmoregulation and ion regulation in their gills with a loss of chemosensory function, which affects predator-avoidance behavior [37] . Exchangeable iron (Fe) usually relates to the adsorbed metals on the sediment surface can be easily remobilized into the Lake water [38] . Iron toxicity caused reduced growth rate in the Indian major carps like rohu and catla [39] . The WHO provisional guideline of 2 mg/L, 3 mg/L & 0.3 mg/L for copper, zinc & iron respectively has been adopted as the standard for drinking water [31] .
In the present study, variation in trace metals content is attributed to the differences in the sources of pollutants discharged into the lakes and statistical mean differences were significant at p < 0.0001. Trace metal content in the tissues studied exhibited a positive correlation with their concentration in water samples. Although the values of bioaccumulated trace metals in fish tissues were not high but they may pose a potential danger to the public health in future depending on sources of pollution and its exposure time period. The extent of bioaccumulation of metals in tissues of fish is dependent on its total amount and bioavailability of each metal in the environmental medium, the route of uptake, storage and excretory mechanisms [40] [41] .
A number of serious health problems can develop as a result of excessive uptake of dietary heavy metals. The Joint FAO/WHO expert committee on food additives established a PTWI for aluminium of 1 mg/kg /bodyweight/week, for cadmium as 0.007 mg/kg body weight and for lead as 0.025 mg/kg body weight [42] . The estimated adult dietary intakes of copper in man are between 2 and 4 mg/day, and PTWI (Provisional tolerable weekly intake) for zinc is 7 mg/kg /bodyweight/week and for iron is 5.6 mg/kg/week [42] . Furthermore, the consumption of heavy metal-contaminated food can seriously deplete some essential nutrients in the body causing a decrease in immunological defense, intrauterine growth retardation, impaired psycho-social behaviors, disabilities associated with malnutrition and a high prevalence of upper gastrointestinal cancer [43] .
With respect to the human health, Al was recorded to be poisonous if it crossed the permissible limits causing various ailments such as Alzheimer's disease [44] [45] . Similarly cadmium accumulates in the human body by consuming plant-and animal-based foods, affecting several organs: liver, kidney, lung, bones, placenta, and central nervous system negatively [46] - [48] and reproductive development, hepatic, haematological and immunological damages [49] [50] and lead can pose a serious health risk to adult and children resulting in delayed physical and mental development and slight deficit and learning abilities [51] . Ingestion of high levels of copper salts is known to cause gastrointestinal upsets and zinc to damage many biochemical processes followed by its deposition in the kidneys, liver, gonads [45] . Iron is found in natural fresh and ground water, but have no health based guideline value, although high concentrations gave rise to consumer complaints due to its ability to discolour aerobic waters at concentrations above 0.3 mg/L [31] .
It has been predicted that fish consumption in developing countries will increase by 57 percent, from 62.7 million tons in 1997 to 98.6 million in 2020 [52] , since fish flesh provides an excellent source of nutrition for human. Thus necessary remedial measures are required to combat water contamination and its management keeping in view the public health and the aquatic ecosystem.
Conclusion
On the basis of present investigation of two lakes, the metal content was higher than standard BIS and WHO limits in the water sampled from Lake B since toxins and trace metals were drained into this lake from the adjacent pharma company and thus can be considered as the more polluted site. The results also revealed that metals were absorbed by the fish showing varied accumulation between two tissues of fish sampled from Lake B.
Comparatively higher values were exhibited in gills than muscles which can be attributed to their physiological functioning. Muscle, an edible part of the fish indicated safe levels for human consumption and such concentrations were less than the PTWI as suggested by Joint FAO/WHO Expert Committee on Food Additives. However the trace metals load should be continuously monitored in this lake as it can result in potential damage in the form of toxicological effect on aquatic and human health in the near future.
